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ABSTRACT
The intent of this study was to determine if high school female basketball players
participating in a physical training intervention (including a warm-up and plyometric, jump,
flexibility, and strength training) would decrease valgus motion at the knee joint upon impact of
a jump landing task. In addition, another aim of the investigation was to determine if the
training routine would enhance physical performance factors associated with specific basketball
skills (e.g., vertical jump and agility).
Twenty high school female basketball players, (experimental group n = 8, mean = 14.2
yrs; control group n = 12, mean = 14.3 yrs) were recruited and introduced to an 8 week physical
conditioning program. Significant interactions were found for all three dependant variables
(knee valgus motion, vertical jump height, and agility performance time) at the conclusion of the
intervention. Results of the study support the premise that a physical training program can
positively alter valgus knee motion, improve physical performance factors, and play a crucial role
in injury prevention among female youth basketball participants.
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CHAPTER 1
INTRODUCTION AND BACKGROUND
Nature of the Problem
The incidence of anterior cruciate ligament (ACL) injury among high school and
collegiate female athletes, estimated at 38,000 injuries per year in the United States, is currently a
topic of great discussion among sport medicine professionals (Toth & Cordasco, 2001). When
compared to their male counterparts, female athletes demonstrate a four-to six-fold higher
incidence of knee injury, especially among those sports and recreational activities that include
jumping and cutting maneuvers (Myklebust, Engebretsen, Braekken, Skjolberg, Olsen & Bahr,
2003; Arendt & Dick, 1995; Malone, Hardaker & Garrett et al., 1993).
Hewett, Lindenfield, Riccobene and Noyes (1999) reported that during a typical
basketball season, high school female basketball players incur an ACL injury rate of
approximately 1 in 65 players. Thus, it is estimated that approximately 7,000 ACL injuries will
occur among high school female basketball athletes in the United States on an annual basis.
This increased ACL injury risk, coupled with a nine-fold increase in women’s participation
among high school sports, has increased the need for research with the potential to better
understand and reduce this injury dilemma (Hewett, Ford, & Meyer, 2006; National Federation
of State High School Association [NFSHSA], 2002).
As high school female basketball athletes physically prepare to enhance fundamentally
sound offensive and defensive skills, significant progress can be hindered by the occurrence of
an ACL injury during basketball practice or competition. To compound this unfortunate
scenario, many high school coaches are not aware of various preventive measures associated
with anterior cruciate ligament injury. Potential reasons are a lack of injury prevention education
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and the time constraints associated with practice and competition among coaches and the
athletic training staff.
Although injury prevention is crucial, sport performance also plays an important role in
success on the basketball court. Performance factors including but not limited to increased
vertical jump, agility, and increased strength all have an impact on the physical success of a
basketball player, yet it is often increasingly difficult to integrate training techniques that have a
positive effect on these performance factors due to lack of time, as priority is often provided to
basketball skill enhancement and team goals. Thus, many basketball coaches do not have the
time to fit physical training into their practice schedules and find it difficult to add extra time
before or after practice, especially at the high school level when considering academics and other
school priorities.
With regard to the disproportionate number of ACL injuries among female athletes, in
general, there are three key mechanisms often discussed in the literature. Anatomical (e.g.,
femoral internal rotation, Q angle, and femoral notch size, which is often associated with the
process of physical growth and maturation) and hormonal factors comprise the first two
(McShane, Balsbaugh, Simpson, et al., 2000; Wojtys et. al., 1998; Arendt, 1994), whereas the
third mechanism is typically associated with neuromuscular factors that dictate dynamic muscle
control and knee joint stability. Although all of these factors are associated with the incidence of
ACL injury, neuromuscular factors appear to be the only mechanism that can be altered through
physical intervention. To help alter unfavorable neuromuscular deficits, Hewett (1999) has
suggested that adolescent female athletes who participate in popular sports, such as basketball
and soccer, be exposed to training programs that include jump training, plyometrics, and lower
extremity resistance training to potentially alter those neuromuscular factors that dictate dynamic
muscle control.
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According to Arendt, Agel, and Dick (1999), training interventions can be positively
associated with decreasing the incidence of ACL injury and simultaneously enhancing vertical
jump performance among high school female basketball players. Therefore, there exists a need
to investigate the effectiveness and utility of physical training interventions among female
basketball players and further to understand how they relate to improving various performance
factors strongly associated with basketball, including vertical jump, agility, and muscular strength.
Ideally, this generates opportunities for coaches to enhance performance and simultaneously
reduce the incidence of injury with the greatest efficiency of time for other basketball priorities.
Purpose of the Study
The purpose of this study was to determine the influence of a plyometric, agility, and
strength training program on the alteration of biomechanical factors of the knee and physical
performance parameters among adolescent female basketball players.
Need for the Study
For a basketball athlete to be successful on the court, opportunities for practice and
competition must be provided. When those opportunities are interrupted because of knee
injury, the potential skill level of the athlete diminishes and on-court success may suffer.
Because ACL injuries result in potential surgery, rehabilitation, and absence from sport, it is
apparent given the epidemiological data that there is a general need to implement interventions
associated with the reduction of ACL injuries among high school female basketball players
(Hewett et al., 1999).
Baker (1996), Chimera, Swanik, Swanik, and Straub (2004), Gehri, Ricard, Kleiner, and
Kirkendall (1998), and Hewett et al. (1999) have demonstrated that interventions utilizing jump
training, strength training, and flexibility have the ability to positively alter the incidence of injury
by reducing valgus knee motion, increasing knee strength, and improving vertical jump
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performance. This study was designed to contribute to a body of knowledge to help coaches
and athletes better understand the role of physical training in the prevention of serious knee
injury among female high school athletes.
Statement of the Problem
The purpose of this study was to determine if participation in an eight-week physical
training program including a dynamic warm-up, plyometric jump training, and flexibility and
strength training program would decrease valgus motion at the knee joint during impact of jump
landing tasks among high school female basketball players. In addition, this investigation
determined whether participation in the same eight-week physical training program would
improve physical performance factors associated with basketball, specifically maximum vertical
jump and agility.
Hypotheses
Hypotheses 1: Participation in an eight-week physical training program will decrease valgus
motion at the knee joint during impact of a specific jump landing task among high school female
basketball players.
Hypotheses 2: Participation in an eight-week physical training program will improve maximum
vertical jump performance among high school female basketball players.
Hypotheses 3: Participation in an eight-week physical training program will improve agility among
high school female basketball players.
Delimitations
This study was delimited to
1. High school female basketball players from two high school basketball teams, ages 13-14
years, with no prior dynamic warm-up, plyometric, and strength training experience.
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2. The teams were selected, not randomized, to one of two groups, the experimental group
and the control group. Teams were assigned because of participant convenience and the
ability of the primary investigator to have access to the subject populations within the
same geographical school district.
3. The level of motivation among participants within both groups to perform the
assessments and interventions with maximal effort may have an impact upon the results
of the study.
Limitations
1. The selected sample size of this study is small (experimental group n = 8, control group
n = 12).
2. The kinematic software (Sportsmetrics, Cincinnati, Ohio) for assessment of valgus
motion at the knee joint during the impact of a specific jump landing is limited to frontal
plane displacement.
Definitions
Agility: The process by which the degrees of freedom of a body segment or segments are
organized in space, time, and sequence to produce a functional motor response to an
atypical motor environment.
Co-Contraction: Simultaneous contraction of an agonist and antagonist muscle group.
Counter Movement Jump: Rapid flexion at the hip and knee concurrent with dorsiflexion at the
ankle that elicits eccentric loading of the lower extremity musculature immediately prior
to the concentric phase of a jump.
Depth Jump: The participant assumes a position on a box at a particular height, steps off,
lands, and immediately jumps vertically, horizontally, or onto another box.
Displacement: Change in position of an object with respect to a reference point.
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Eccentric Muscle Contraction: The contractile condition where activated muscle(s) create a
torque less than a resistance torque, resulting in a movement of a segment of the body in
the opposite direction of the action of the muscle(s).
Extrinsic Injury Factors: Modifiable injury factors that include such areas as neuromuscular
proficiency, motor competence, musculoskeletal agonist-antagonist joint-strength ratios,
supervision and instruction, playing surface, level of competition, and equipment.
Femoral Anteversion: An anatomical condition in which the femoral head and neck are rotated
anteriorly to an imaginary line directed through the femoral condyles in the horizontal
plane.
Ground Reaction Force: Common three-dimensional force vector acting on the body that
occurs with typical standing, running, or jumping activities.
Intercondylar Notch: The space between the condyles of the femur which provides the surface
attachments for two of the main ligaments in the knee.
Intrinsic Injury Factors: Factors that include intra-individual characteristics such as growth,
maturation, lower extremity alignment, muscular strength, joint mobility, joint laxity, and
the endocrine system. These are typically not modifiable.
Ligament Dominance: Condition whereby the lower extremity musculature does not adequately
absorb the forces during jump landing tasks, resulting in excessive loading of the
ligaments.
Moment (moment of force, torque): The rotational effect of a force applied to a lever, typically a
bone or segment.
Neuromuscular Control: The elaborate nervous and muscular mechanisms that comprise the
nervous system and delineate their role in voluntary, involuntary, and reflexive muscle
activation.
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Plyometric Training: Physical training technique used to enhance muscular power utilizing a
rapid stretch-shortening cycle contraction of a muscle or muscle group to entice greater
rate of force development.
Position of No Return: Jump landing condition that exhibits simultaneous femoral anteversion,
external tibial rotation, and foot pronation of the same leg.
Proprioception: The culmination of all sensory inputs originating from the visual apparatus,
vestibular system, and peripheral mechanoreceptors of various musculoskeletal
structures.
Q-angle, or Quadriceps angle: The acute angle between the line connecting the anterior
suprailiac spine (ASIS) and the midpoint of the patella and the line connecting the tibial
tuberosity with the same patellar reference point.
Repetition Maximum: The maximum amount of weight one can lift for a certain number of
repetitions for a given exercise.
Sport Maneuver: A special athletic movement including but not limited to cutting, pivoting,
accelerating, decelerating, changing directions, jumping, landing, diving, and shuffling.
Strength (Muscular): The maximum force or torque produced by a muscle or muscle group at
a specific joint angle.
Stretch-Shortening Cycle: The energy storage capabilities of the series elastic component and
stimulation of the stretch reflex to facilitate a maximal increase in muscle recruitment
over a minimal amount of time.
Valgus Motion: Inward or knock-kneed predisposition that places mechanical stress on
medial structures of the knee joint.
Varus Motion: Outward or bow-legged predisposition that places mechanical stress on lateral
structures of the knee joint.
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CHAPTER 2
REVIEW OF LITERATURE
With an injury rate of approximately one in 65, it is estimated that approximately 7,000
anterior cruciate ligament (ACL) injuries may occur among high school female basketball players
on an annual basis (Hewett et al., 1999; Zillmer, Powell, & Albright, 1992). Messina, Farney, &
DeLee, (1999), utilizing a sample of 100 Texas public high schools, found female athletes to
have a significantly higher incidence of knee injuries requiring surgery, reported at 0.71 per 1000
hours exposure (total recorded game and practice time for the season) in comparison to males,
with 0.31 per 1000 hours exposure.
In an unpublished report from the Warren Consolidated School District (MI) it was
reported that 18 of the 33 total injuries among female athletes over the course of four years were
diagnosed as ACL knee injuries. These ACL knee injuries comprised 55 percent of the total
injuries among the female athletes, whereas male athlete ACL injuries only comprised 20 percent
of the total injuries that occurred during the same time period.
In addition to the severity of the injury, financial problems may arise as a result of knee
injury. Anterior cruciate ligament injuries are accompanied by orthopedic care, including ACL
reconstruction and rehabilitation, with an estimated cost of approximately $17,000 per patient
(Huston, Greenfield, & Wojtys, 2000). Injury estimates from Hewett et al. (1999) indicated that
ACL injuries among female athletes at the high school level have the potential to cost
approximately $119 million dollars on an annual basis.
Function of the Anterior Cruciate Ligament
Moreno (2006) described stability of the human knee joint as being chiefly provided by
the collateral ligaments on the medial (tibial collateral) and lateral (fibular collateral) sides of the
joint and by the anterior and posterior cruciate ligaments (Figure 1) within the joint capsule. In
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addition to these ligaments that bind the femur and tibia together, there are various muscular,
tendinous, and ligamentous expansions that also help to stabilize the knee joint. Muscle in
particular plays a protective role in joint stabilization by (a) strain relief of the ligaments and (b)
impact absorption of the loads transmitted through the lower extremity (Withrow, Huston,
Wojtys, & Ashton-Miller, 2006; Wojtys & Huston, 2000).
The ACL arises from the anterior intercondylar space on the tibial plateau, runs upwards
and posteriorly, and attaches on the inside of the lateral condyle of the femur (Moreno, 2006).
This ligament becomes taut as the knee joint extends and chiefly prevents the femur from sliding
posteriorly off the tibial plateau (Aeillo & Dean, 1999; MacWilliams, Wilson, DesJardins,
Romero, & Chao, 1999; Wojtys & Huston, 2000). The posterior cruciate ligament (PCL) arises
from the back of the intercondylar space of the tibial plateau, runs upward and anteriorly, and
attaches on the inside of the medial femoral condyle. The PCL becomes taut as the knee joint is
flexed and thus prevents the tibia from sliding anteriorly off the tibial plateau (Aeillo & Dean,
1999).
Mechanisms of Anterior Cruciate Ligament Injury
A review of the literature with respect to ACL injury has revealed that there are several
potential injury mechanisms that may play a key role in the understanding how ACL injuries
occur and potentially reduce the incidence of this type of injury (Hewett, Ford, & Meyer, 2006).
Within the literature, all injury mechanisms are typically categorized as intrinsic or extrinsic
factors (Hewett et al., 2006).
Intrinsic factors include intra individual characteristics, such as growth, maturation,
lower extremity alignment, muscular strength, joint mobility, joint laxity, and hormonal function.
Intrinsic factors are typically difficult to control and may not be modifiable because it is not
feasible to alter these factors (Harmon & Ireland, 2000). Conversely, extrinsic factors may be
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modifiable and consist of areas including but not limited to neuromuscular proficiency, motor
competence, musculoskeletal agonist-antagonist joint-strength ratios, supervision and
instruction, playing surface, level of competition, and equipment (Hutson et al., 2000). With
regard to the ACL injury dilemma, three main factors associated with this type of injury are
anatomical, hormonal, and neuromuscular factors (Hewett, 2001).
Anatomical and Hormonal Factors
It is apparent that ACL tear rates may be caused by an association of several inter-related
intrinsic factors: the quadriceps angle, femoral anteversion, and intercondylar notch size
(Anderson, Dome, Gautam, Auh, & Rennirt 2001). In addition, lower extremity parameters,
including hip girth and knee measurement ratios, may play a role that influences valgus motion, a
predictor of noncontact ACL injury (Huston et al., 2000). Despite these factors, Moreno (2006)
expressed that there is practically little one can do to alter the influence of these intrinsic factors
and that intervention, with respect to the intrinsic factors, does not present solutions for
reducing the incidence of ACL injuries among females.
Another factor associated with ACL injury among high school female basketball players
are particular hormonal mechanisms and the menstrual cycle. Wojtys et al., (1998) stated there
was an increased incidence of ACL injury among women during the ovulatory phase of the
menstrual cycle, when estrogen production increases. This may imply that the incidence of
noncontact ACL tears in female athletes is associated with hormonal fluctuations. Using a
survey to determine the number of ACL injuries during the ovulatory phase of women’s
menstrual cycles, Wojtys et al., (1998) found that 29% of the population experienced this form
of injury. Despite these findings, interventions for hormonal factors are not practical, and little
is understood with regard to this mechanism; thus, efforts typically focus on those factors that
can be practically altered.
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Neuromuscular Factors
Neuromuscular control of the knee is defined as the conscious and subconscious
response to an afferent signal concerning dynamic knee joint stability (Lephart, Riemann, & Fu,
2000). Joint stability is defined as that state of a human joint remaining in or promptly returning
to proper alignment through equalization of forces (Lephart et al., 2000). The presence of
neuromuscular control requires integration of sensory input and kinesthesis, coordinated by the
central nervous system (Griffen, 2003). The primary source of input includes proprioception,
which is regulated by specialized sensory receptors located within the joints, muscles, and
tendons. These receptors are sensitive to pressure and tension, and relay kinesthetic information
concerning muscles dynamics to the conscious and subconscious parts of the central nervous
system (Baechle & Earle, 2000).
When an athlete lands from a jump, propriocepters relay information to the central
nervous system to cause the muscles around the knee joint, particularly the quadriceps and
hamstrings, to contract, thus regulating dynamic knee joint stability. This process is called cocontraction, in which the agonist and antagonist muscle groups contract simultaneously to
absorb ground-reaction forces during a jump landing (Figure 2) and, further, to provide stability
at the knee joint so that the ligaments do not have to compensate for the poor absorption of
these forces (Ford, Meyer, & Hewett, 2003). Ford et al. (2003) have described the tendency of
females to contract their quadriceps first, followed subsequently by the hamstrings, to produce
dynamic knee joint stability during jumping and landing activities. This neuromuscular event is
often referred to as quadriceps dominance. Meyer, Ford, and Hewett (2004) elaborated on this
circumstance, explaining that female athletes tend to preferentially increase knee extensor
moments in comparison to knee flexor moments. As quadriceps dominance becomes evident, it
is typically accompanied by increased valgus knee motion (Hewett, Meyer, & Paterno, 2002).
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Valgus knee motion is defined as an inward or knock-kneed predisposition that places
mechanical stress on medial structures of the knee joint (Figure 3). Hewett, Meyer, and Ford
(2001) concluded that enhanced valgus motion and valgus moments of the knee joint during the
impact phase of jump landing tasks are key predictors for increased potential of ACL injury
among female athletes.
Gender Differences
Ford, Meyer, and Hewett (2003) conducted a study to determine gender-related
differences of knee valgus motion among 81 adolescent male and female basketball players (16.0
± 0.2 years). Increased knee valgus motion was apparent among female athletes when compared
to male measurements. The initial method for assessing valgus knee motion involved calculating
the distance between the right and left knee centers upon dropping from a 30-cm box, followed
by a maximum vertical jump. Ford et al. (2003) reported that females demonstrated greater
valgus knee motion upon landing from the box. Measurements between the right and left knee
centers before initial contact with the ground for the female group were 39.3 cm ± 0.4 cm,
whereas the distance on impact was 32.1 cm ± 0.6 cm, thus indicating a significant difference
when compared to the male group with measurements, at initial contact, of 39.8 cm ± 0.6 cm
and on landing, at 34.6 cm ± 0.8 cm. Ford et al. (2003) concluded that the increase in valgus
motion on landing for the female group likely exhibited decreased joint control in the frontal
plane, possibly relating to an increased risk of ACL injury.
It is apparent that when athletes land in a valgus position, there is less distance separating
the right and left knees in comparison to a non-valgus position (Noyes, Barber-Westin,
Fleckenstein, Walsh, & West, 2005). Noyes et al. (2005) conducted a study to assess differences
in lower limb control by determining knee separation from a jump landing among 455 trained
and untrained male and female athletes, ages 11-19 years. It was reported that a majority of
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untrained (no neuromuscular intervention) female and male athletes demonstrated valgus knee
motion; females posted a 23-cm, ± 9 cm separation distance between the right and left knees,
and males recorded a 22-cm, ± 8 cm separation distance. Noyes et al. (2005) concluded that the
decreased separation distances between the right and left knees (valgus knee motion) may play a
role in the incidence of ACL injury among athletes, especially while landing from a jump.

Figure 1. Anterior view of the right knee joint.
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Figure 2. Diagram of a ground reaction force vector on impact with surface

Figure 3. Valgus knee motion.
(Jennings, 2001)
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Neuromuscular Intervention
According to Risberg, Mork, Jenssen, and Holm (2001), the objective of neuromuscular
training is to improve the ability of the nervous system to generate a fast and optimal musclefiring pattern, enhance dynamic joint stability, decrease joint forces on impact with the ground,
and refine movement patterns and skills. Risberg et al. (2001) also stated that neuromuscular
control can improve knee joint stability by enhancing conscious and subconscious motion
responses by stimulating both afferent signals and nervous system centers responsible for
maintaining dynamic joint stability. Mullaney (2003) suggested that training this continual
sensory-motor feedback control system improves the ability to utilize proprioceptive
information.
Proprioceptive information is acquired via joint receptor input originating from
propriocepters, located within tendon and joint capsules. These receptors can detect joint
position and movement, as well as delineate direction, amplitude, and rate of joint motion.
Mullaney (2003) stated that if a joint possesses a high level of neuromuscular control and a
highly sensitive proprioceptive feedback system, it can respond appropriately to variations in
forces during activity and potentially decrease the risk of injury. Thus, the premise for
implementing a proprioceptive enhancement program is to train joint proprioceptors to adapt to
stimuli received either during or prior to initiation of a deleterious movement event or pattern
(Cerulli, Benoit, Caraffa, & Ponteggia, 2001).
To date, several training interventions including but not limited to jump landing
techniques and plyometrics have been suggested to be associated with a decrease in the
incidence of ACL injuries (Grandstrand, Pfeiffer, Sabick, DeBeliso, & Shea, 2006; Hewett,
Lindenfeld, Riccobene, & Noyes, 1999; Meyer, Ford and Hewett, 2004; Noyes et al. (2005).
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Jumping Training
Hewett et al. (1999) developed a six-week training program with three phases of two
weeks each (technique phase, fundamental phase, and performance phase). The technique phase
was devoted to assessing and correcting jumping and landing techniques among adolescent
female athletes. Within instruction, four basic techniques were consistently stressed: (a) correct
posture (chest over knees on impact); (b) jumping straight up with no excessive lateral or
forward-backward movement; (c) soft landings, including toe-to-heel rocking and bent knees;
and (d) instant recoil (countermovement) preparation for the next jump. Utilizing this training
program, the author demonstrated a significant reduction of knee adduction and abduction
moments, by approximately 50 %, and possibly enhanced the dynamic stability of the knee joint,
in turn playing a potential role in non-contact anterior cruciate ligament injury.
Among physically active adult females, Irmischer et al. (2004) examined peak vertical
forces and the rate-of-force development upon jump landing impact (following a nine-week,
low-intensity and volume-plyometric-based knee-ligament-injury-prevention program). Previous
investigations had demonstrated that improved neuromuscular control can be accomplished
through the modification of landing techniques, enhanced total body control, and joint
stabilization (Booden, Griffen, & Garrett, 2000; Griffen, 2000; Lloyd, 2001). Upon completion
of the nine-week protocol, Irmischer (2004) demonstrated alterations of neuromuscular control
after successfully changing the landing strategies of the participants, with a significant decrease in
peak vertical impact forces, by an average of 26.4%, and a reduced rate of force development
upon impact, by 27.3%.
Grandstrand et al. (2006) conducted a study to examine lower extremity kinematics
among female youth soccer players upon their completion of a plyometric exercise program.
Participants in the study were asked to step onto a 30.5-cm-high box, jump off the box, land on
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both feet, and immediately perform a maximum vertical jump attempt. Knee abduction (varus)
and adduction (valgus) (as determined by measuring the linear distance between the right and
left patellae) were analyzed with a commercially available software for the analysis of jump
landing kinematics (Sportsmetrics, Cincinnati, Ohio). Although there were no significant results,
several positive trends were identified. Valgus motion on landing decreased more than 25 %
from pre-to post-testing among the treatment group. It was suggested that the results of the
study indicated that the plyometic exercise protocol induced positive alterations in landing
mechanics.
To specifically target the proprioceptive deficit related to neuromuscular coordination
(quadriceps dominance), Meyer et al. (2004) utilized clinical training techniques. This treatment
included special exercises, such as squat jumps, broad jumps and holds, leg balancing, bounding,
and vertical jumps. These exercises were employed to emphasize co-contraction of the knee
flexor-extensor muscles through the use of deep knee-flexion angles that place the quadriceps
into an ACL-agonist position and the hamstrings into an ACL-protective position. Meyer et
al.(2004) hypothesized that the repetitive achievement of proper positioning may facilitate
increased muscle proprioception co-activation and possibly lead to reduced loads upon the ACL.
Meyer et al. (2004) stated that this method of dynamic neuromuscular training provides a
method to specifically address and correct the proposed neuromuscular imbalances by requiring
the athletes to co-contract the hamstring and quadricep muscles and decrease ground reaction
force through absorption upon a jump landing task.
Upon review of the studies by Hewett et al. (1999), Irmischer et al. (2004), and Meyer et
al. (2004), it is apparent that plyometric training techniques offer female athletes the opportunity
to decrease the potential for knee injury. In addition, a study by Grandstrand et al. (2006)
demonstrated improvements among those neuromuscular attributes that are believed to reduce
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the risk of anterior cruciate ligament injury and generate reasonable increases in isokinetic
strength. Specifically, Grandstrand et al., (2006) reported a decrease in valgus knee motion and
increases in maximum vertical jump performance.
Muscular Strength
Although jump and plyometric training appear to be major factors in the prevention of
ACL injury, the role of strength training is not understood and is limited within the literature.
However, sports medicine practitioners and allied health professionals have implied that strength
training can have a potential impact on neuromuscular imbalances, such as increases in
hamstring strength to help improve co-contraction or reduce quadriceps dominance (Hewett,
Stroupe, Nance, & Noyes, 1996; Griffen et al., 2000). Research has not determined what
influence, if any, progressive strength training can produce with regard to altering neuromuscular
control and, specifically, reducing valgus motion at the knee during a landing from a jump.
Interventions to Improve Physical Performance
Performance Training
Although ACL injury intervention is important among adolescent female basketball
athletes, regular physical training may play a vital role in the overall performance of an athlete.
Coaches have many tasks to cover during practice, and this leaves little, if any, time for physical
training of the athlete. As skill practice and game strategy become more significant, physical
training becomes a very low priority. However, it has been supported by several investigations
that physical training can improve performance, especially maximum vertical jump and muscular
strength (Asmussen, & Petersen, 1974; Clutch, Wilton, McGown, & Bryce, 1983; Brown,
Mayhew, & Boleach, 1986; Hakkinen, 1993; Baker, 1996; Gehri et al., 1998; Fatouros et al.,
2000). These performance factors may be helpful in the game of basketball, particularly if an
athlete can jump higher when attempting a rebound or blocked shot. In addition, when an
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athlete is boxing out for position of a rebound, overall muscular strength becomes essential as
well.
Fatouros et al. (2000) demonstrated that with consistent practice of certain jumps, such
as squat jumps, tuck jumps, depth jumps, hops, and bounding, a 12-week plyometric training
program can improve vertical jump performance as much as 7cm among college-age
participants. It is believed that this led to improvement in the energy-storage capabilities of the
series-elastic component of muscle and stimulation of the stretch reflex to facilitate a maximal
increase in muscle recruitment over a minimal amount of time (Baechle & Earle, 2000). Clutch
et al. (1983) compared counter-movement jumping to depth jumping, utilizing two groups, a
counter movement (lower intensity) and a depth jump (higher intensity). On average, both
groups improved their vertical jump performance by 8.4 cm after four weeks. Regardless of
intensity, this implies increases in vertical jump performance which is a direct result of a 12-week
plyometric training program (Gehri et al., 1998).
Strength Training
Strength training is proposed as a method capable of enhancing vertical jump
performance (Baker, 1996). Vertical jump performance is dependant upon the contractile
properties of muscle, as well as the augmentation to concentric work that occurs as a result of
the stretch-shortening cycle (Baker, 1996). Fatouros et al. (2000) exhibited that combining
plyometric exercises with strength training produced more significant improvements in vertical
jump performance than did plyometric training alone. The study included college- age
participants and demonstrated a 7-cm improvement in maximum vertical jump height for the
plyometric group and a 9-cm improvement for the combination strength-plyometric group.
In a similar study by Hakkinen (1993), strength training among female professional
basketball players during the competitive season was found to increase vertical jump from 21.7
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cm to 24.2 cm. Hakkinen (1993) also found that anaerobic power was positively influenced by
an increase in mechanical power output per unit mass of 16.4 kg to 17.6 kg in the group of
female professional basketball players that strength trained during the competitive season.
To date few studies have addressed ACL injuries and interventions in the high school
athletic setting. Typically studies are conducted in a clinical setting with favorable conditions in
terms of space, time, and adherence to the program, whereas a high school athletic setting tends
to have setbacks or problems with these variables. It may be beneficial to gain insight on the
variability of high school athletes, which includes time constraints, motivation, adherence to
training, and academic factors.
Finally, there has been an abundance of studies conducted to address ACL injury
prevention and training intervention, yet there are few studies to date that have focused on the
assessment of sport specific-movements. Few studies exist that apply a task-specific skill in a
sport to the assessment of knee valgus or ACL injury. It would be very helpful for allied health
professionals to examine various methods of assessing knee valgus under sport- specific
conditions.
Last, there is the issue of time constraints and the implementation of physical training
into a basketball practice to generate improvement in physical and sport performance. Coaches
need practical information on potential methods for improving physical performance and
decreasing ACL knee injury among their basketball players without sacrificing a substantial
amount of practice time. Examining the implementation of physical training on injury
mechanisms and sport performance are typical and critical considerations for coaches of female
athletes.
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CHAPTER 3
RESEARCH DESIGN AND METHODOLOGY
Participants
Participants for this study were recruited from two female high school freshman
basketball programs within Macomb County, Michigan, USA. Twenty volunteer high school
female basketball players, comprising the experimental group (n = 8; mean age = 14.2 years) and
the control group (n = 12; mean age = 14.3 years) were exposed to an 8-week physicalconditioning program that included a dynamic warm-up, jump and plyometric activities, static
stretching, and a strength-training program. The control group did not participate in any
structured conditioning program other than those physical activities that occur during normal
basketball practice and competition. Relevant participant characteristics for this study are
presented in Table 1. This research protocol was reviewed and approved by the College of
Health and Human Services Human Subjects Review Committee at Eastern Michigan
University.
Procedure
To initiate the study, athletic directors at two high schools in Macomb County, Michigan,
were contacted for permission to involve their freshman female basketball teams in investigation
of the influence of physical training on knee valgus motion and physical performance. Upon
approval by the athletic directors, the coaches and certified athletic training staff were informed
of all proposed assessments and treatments, and letters of consent (Appendix A) were sent to
the parents of all basketball players for each team. For those athletes interested in participating,
letters of consent were collected, reviewed, and filed by the investigator, and preassessments of
both groups were initiated. For this study, the primary investigator was assigned to the
experimental group to ensure proper implementation of the physical training intervention. The
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other team was assigned as the control group because, as a program, they typically did not
perform physical training during the season.
In order to determine each player’s physical training experience, participants were asked
to complete a background questionnaire (Appendix B). To secure confidentiality and
anonymity, all results were filed and assigned a number to identify the respective group
participants. All files were then placed in a secure folder and locked in a cabinet to which access
was restricted to the principal investigator for confidentiality purposes.
Pre-Intervention Assessments
Prior to the collection of pre intervention data, all pertinent anthropometric data was
acquired. Body mass and height were measured by a standard scale and height rod (Health
Check Systems, Brooklyn, NY, USA) in which participants were dressed in athletic shorts, tshirts, and athletic shoes. To prevent potential injury and ensure maximum performance, a
dynamic warm-up (Appendix C) was implemented before completing the first physical
assessment. To test the first parameter, maximal vertical jump height for each participant was
measured with a vertical jump assessment device (Probotics, Huntsville, AL) that involved
equations of uniformly accelerated motion to calculate the participant’s vertical jump height
(Figure 4). Participants were asked to stand on a 68.5-cm x 68.5-cm mat and were instructed to
jump vertically as high as possible. Subjects were then instructed to perform a
countermovement action followed by explosively extending the hips, knees, and ankles with a
forward and upward arm swing (Figure 5). Participants were allowed to complete several
practice trials to become familiar with the vertical jump and test directions, and upon completion
of the practice trials, three complete trials were recorded. Trials were not recorded if the
participant failed to land in the center of the mat or the participant flexed at the knee and hip
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while at peak height or mid-flight of the jump. Once the jump was completed, the vertical jump
assessment device provided the vertical jump height exhibited by the athlete.

Table 1
Anthropometric Characteristics of the Experimental Group Participants
Participant
Identification

Age (yr)

Height (cm)

Mass (kg)

E1

14.4

154.9

40.6

E2

14.7

151.1

50.9

E3

13.9

161.3

69.2

E4

14.1

181.6

69.6

E5

13.8

151.1

48.8

E6

14.5

152.4

44.7

E7

13.9

160.6

45.6

E8

14.4

161.3

52.5

Mean group values

14.2

159.3

52.7

23

Table 2
Anthropometric Characteristics of the Control Group Participants
Participant
Identification

Age (yr)

Height (cm)

Mass (kg)

C1

14.7

168.9

72.7

C2

14.3

163.8

61.8

C3

14.2

182.8

91.4

C4

14.6

165.7

49.1

C5

14.3

160.6

71.0

C6

14.2

167.6

51.5

C7

13.9

167.9

56.8

C8

14.3

163.8

66.8

C9

14.4

173.4

53.3

C10

14.6

168.9

56.0

C11

14.1

165.7

56.3

C12

13.8

175.9

68.9

Mean group values

14.3

168.7

62.9
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Testing Mat

Vertical Jump
Calculator

Figure 4. Vertical jump assessment device (Probotics, Huntsville, AL).

Figure 5. Athlete assuming the countermovement position in preparation for a maximal vertical
jump attempt.
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To assess agility, a t test utilizing sprint, shuffle, and backpedal movements typical to the
game of basketball was conducted. The test was performed with several cones arranged in the
manner as detailed in Figure 6. To initiate the task, participants were instructed to position
themselves in a ready position and straddle the start/finish cone (Figure 7). The primary
investigator straddled the center cone at the top of the T formation. Timing of the task was
initiated on the participant’s movement, and participants were instructed to perform the drill as
follows:
(1) Sprint 10 yards to the center cone.
(2) Tap the center cone with her right hand, then shuffle 5 yards to the right cone and tap the
cone with her right hand.
(3) Shuffle 10 yards to the left cone and tap the cone with her left hand.
(4) Shuffle 5 yards back to the center cone and tap it with her left hand.
(5) Backpedal through the start/finish cone.
The timing was stopped as the participant tapped the start/finish cone with her left hand. Three
trials were completed with each trial and recorded to the nearest .10 of a second.
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(3) 10 yd shuffle

(2) 5 yd shuffle

(4) 5 yd shuffle

(5) 10 yd back pedal

Key

(1) 10 yd sprint

Sprint
Shuffle

Start/ Finish

Figure 6. t test configuration to assess agility of the participants.

Figure 7. Athlete assuming the ready position for the t test.
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To assess 8-repetition maximum (RM) muscular strength, the final assessment was
conducted on a plate-loaded bilateral leg press (Hammer Strength, Cincinnati, Ohio).
Participants were instructed to position their feet approximately shoulder width apart while seat
height was adjusted so that a 90o angle was generated at the knee joints (Figure 8). Participants
were asked to maintain a five-point body contact position (Figure 9) for each repetition as
described by Baechle and Earle (2000). During the assessment, subjects were asked to extend
the hips and knees to a position slightly before complete extension at the knee. During the
eccentric phase, the hips and knees slowly flexed to lower the resistance until the participant
reached approximately 90o at the knee. Two practice trials were performed to determine a
resistance that was adequate for the participants to perform eight controlled repetitions.

Figure 8. Bilateral leg press machine (Hammer Strength, Cincinnati, Ohio).
Retrieved April 12, 2007, from the World Wide Web: http://us.commercial.lifefitness.com
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Figure 9. 5-point body contact position for the bilateral leg press strength assessment.

To assess knee valgus motion, the second session required all participants to wear
athletic shorts, a t-shirt, and athletic shoes. To decrease the potential for injury and ensure
maximum performance, a dynamic warm up was conducted prior to any physical testing
(Appendix C). Frontal plane valgus knee kinematics were assessed upon impact of a jump
landing task with a computer-based vertical jump device (Sportsmetrics, Cincinnati, Ohio). To
prepare participants for data collection, strips of white adhesive tape of 3.8-cm diameter were
placed at the center of the right and left patellae and the right and left femoral trochanters, and
on the right and left lateral malleoli (Figure 10). The kinematic software is designed to assess
displacement between the estimated knee joint centers during a vertical jump sequence at three
distinct periods: take-off, pre landing (initial contact of toe) and landing (heel contact) (Figure
11). Prior to data collection, each participant conducted three warm-up vertical jumps, and they
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subsequently were instructed to stand directly under the basketball rim and perform three
maximal vertical jump attempts.
To coordinate filming of the jump task, participants were asked to perform a maximum
jump effort upon receiving a signal from the primary investigator (Figure 12). A specially
designed device was implemented; participants were instructed to touch a ball mounted from a
regulation basketball rim with both hands (Figure 13). To normalize the vertical jump
performance of each participant, maximal vertical jump height and standing reach height were
summed to set the ball height on the basketball rim (Figure 14). All trials were recorded with a
digital camcorder (Sony Mini DVD, Tokyo, Japan) located approximately three meters and
perpendicular to the frontal plane of the participant for each trial (Figure 15). Calibration of
field of view was completed with a floor-mounted placard and positioned in the frontal plane,
parallel with the participant during her landing trials (Figure 16).
All trials were captured directly to the computer (Dell, Austin, Texas) for kinematic
analyses of the jump activity. Linear knee-center displacement of the right and left patellae in
the frontal plane was determined as the participant landed from a vertical jump and was
compared to the positional reference of the right and left greater trochanters (Figure 17).
Relative frontal plane displacement revealed the approximate degree of valgus knee motion for
each participant.
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Left Trochanter

Right Trochanter

Right Patellae

Left Patellae

Left Malleolus

Right Malleolus

Figure 10. Retroreflective marker set-up for valgus knee motion data collection.
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Take-off position

Pre-landing

Landing Position

Figure 11. Phases of the maximal vertical jump activity while assessing frontal plane valgus
motion.
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Figure 12. Signal for participant to jump.

Ball height
measurement

Standard 10 foot
basketball rim

Hanging ball

Figure 13. Modified basketball rim to normalize vertical jump performance for knee valgus
motion assessment.
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Figure 14. Standing reach acquisition in preparation for knee valgus assessment.
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Figure 15. Schematic of testing area instrumentation for biomechanical data collection.
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279 mm

216
mm

Figure 16. Sportsmetrics floor-mounted placard to calibrate kinematic data collection.

36

Knee
Displacement

Trochanter
Normalization
Points

Figure 17. Assessment of knee valgus motion in the frontal plane.

Intervention
To determine the influence of a physical training program on reducing valgus motion in
the frontal plane and enhancing various physical performance parameters, an eight-week
intervention was implemented with a high school female freshman basketball team. Prior to
each basketball practice, this experimental group completed a physical training routine 3 days per
week, typically Monday, Wednesday, and Friday (Appendix C). To initiate the intervention, all
participants conducted a dynamic warm-up and, upon completion, initiated a plyometric jump
training routine (Appendix C). Time allotted for these activities was approximately 15 minutes.
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After completing the dynamic warm-up and plyometric jump training, the team proceeded to
conduct their basketball practice.
Immediately following basketball practice, the team performed a cool-down consisting
of nine lower-body static stretches (Appendix C). To supplement physical training, the
experimental group completed three days of strength training, with all training sessions
supervised by the primary investigator. All participants were required to document their
prescribed exercises, repetitions, and a specific record of resistance for each exercise performed
(Appendix C). Documentation was reviewed by the primary investigator to ensure that each
workout was progressive with an appropriate increase in repetitions or weight and to make sure
proper form and technique were emphasized. For this study, controls were restricted to
basketball practice and competition. Upon completion of the 8-week intervention, all
participants completed postintervention testing with the exact protocol and sequence as for the
preintervention testing.

Treatment of Data (Statistical Analysis)
For this study, descriptive statistics (means and standard deviations) for the dependent
variables were calculated. Next, a one-way analysis of variance (ANOVA) was conducted to
determine if preexisting group differences existed at the beginning of the study for valgus
motion at the knee joint on landing, vertical jump performance, and agility. To test the study
hypotheses related to potential group (control vs. experimental) differences over time (beginning
of study vs. eight weeks) for each of the dependant variables, a repeated-measures analysis of
variance (RM-ANOVA) was employed. All statistical analyses were conducted with SPSS
Version 12.0 (SPSS Inc., Chicago IL) and a significance value of p < 0.05.
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CHAPTER 4
RESULTS
Pre- and postintervention means and standard deviations for the dependant variables
are presented in Tables 3 and 4. Next, a one-way ANOVA was conducted for all three
dependent variables to identify any preexisting differences between the experimental and control
groups. No preexisting differences (p > 0.05) were found for the three dependant variables:
knee valgus motion, vertical jump performance, and agility. To test the study hypotheses that
participation in an eight-week jump-training program would reduce valgus motion at the knee
joint during the impact phase of a vertical jump, enhance vertical jump performance, and
decrease time to conduct an agility task, a RM-ANOVA was conducted.
For knee valgus motion, a significant Group (control, experimental) x Time (study
entry, 8 weeks) interaction was found [F (1, 58 = 76.1, p < .01]. Likewise, a main effect for
TIME emerged [F (1, 58 = 19.2, p < .01]. This suggests that both groups changed across time
but in different directions; the intervention group significantly decreased knee valgus motion in
the frontal plane, and the control group significantly increased knee valgus motion in the frontal
plane. The results for vertical jump followed a similar pattern with a significant Group x Time
interaction [F (1, 58 = 28.1, p < .01] and main effect for TIME [F (1, 58 = 39.0, p < .01] found.
Although both groups experienced an improvement in vertical jump performance, those in the
intervention group experienced a significantly larger improvement than did the control
participants. Finally, for agility, a Group x Time interaction [F (1, 58 = 71.2, p < .05] and a main
effect for TIME [F (1, 58 = 6.9, p < .01] were found. Again, although both groups improved
their time in conducting the agility task, those in the intervention group conducted the agility
task in a significantly shorter period of time in comparison to the controls.
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Table 3
Results for the Dependent Variables Following an Eight-Week Jump Training Program

Dependent
Variable

Results of the Investigation

Vertical Jump

Group x Time interaction: Significant
Main effects for Group: Significant
Main effects for Time: Significant

t test

Group x Time interaction: Significant
Main effects for Group: Significant
Main effects for Time: Significant

Knee Valgus
Motion

Group x Time interaction: Significant
Main effects for Group: Significant
Main effects for Time: Significant
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Table 4
Means and Standard Deviations for the Dependent Variables

Experimental group
(n = 8)

Vertical jump

t test

Valgus knee
motion separation ª

Control group
(n = 12)

mean

SD

pre-intervention

Total
participant
trials
24

37.16

post-intervention

24

pre-intervention

mean

SD

+ 5.76

Total
participant
trials
36

37.37

+ 5.44

41.43

+ 7.49

36

37.72

+ 6.72

24

13.66

+ 1.16

36

13.0

+ 1.43

post-intervention

24

12.76

+ 1.03

36

12.53

+ 0.99

pre-intervention

24

20.53

+ 0.15

36

22.33

+ 0.16

post-intervention

24

31.40

+ 0.17

36

18.72

+ 0.13

a = Valgus knee motion normalized by maximal vertical jump
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CHAPTER 5
DISCUSSION
In many sports, athletes are required to perform various cutting and jumping
maneuvers that involve varying degrees of effort and intensity depending on the practice or
competitive situation. Athletes who perform these maneuvers typically do not have time to
consciously think about body position and technique, as their concentration is generally
focused on completing a sport skill or task immediately. Because of the association of jump
landings and noncontact ACL injuries among female athletes, this study was unique in that it
involved a frontal plane knee valgus assessment with landing conditions similar to those
(e.g., rebounding, blocking, etc.) that occur during competition in the game of basketball.
Physical training interventions including but not limited to plyometrics, agility, and
strength training are recognized as having a positive influence on reducing the incidence of
noncontact ACL injury (Hewett, 1999). In addition, it is implied within the literature that
these interventions may also enhance physical performance parameters inherent in the game
of basketball, such as maximal vertical jump, balance, coordination, and muscular strength.
The purpose of this study was to determine if participation in an eight-week physical
training program would decrease frontal plane valgus motion at the knee joint during the
impact phase of a jump landing task and concomitantly improve physical performance
parameters among high school female basketball players. Because injury prevention and
performance enhancement are key considerations in sport participation, significant
alterations of knee-injury factors and physical-performance parameters should encourage
coaches to implement special physical training exercises that are time efficient with regard to
practice time yet effective in reducing the likelihood of acute or chronic injury.
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Knee Valgus Motion
Knee valgus motion is one of several predictors associated with the incidence of
ACL knee injury (Hewett et al., 1999). Ford et al. (2003) reported that an increase in valgus
motion likely exhibits decreased joint control in the frontal plane and may increase the risk
of knee injury. With subjects landing from a box with at a set height of 30 cm, Ford et al.
(2003) utilized a method of assessing valgus knee motion by measuring the distance between
the midpoints of the right and left patelle. The investigation found that female subjects
demonstrated a landing strategy not conducive for the musculature to produce controllable
torques on the knee joint. Thus, increased knee valgus motion was evident among the
female subjects of the study.
In a similar study, Grandstrand et al. (2006) evaluated youth soccer players (ages 9-11
yrs) performing a jump task off a 30-cm box, landing on both feet, and following with an
immediate maximum vertical jump. Knee valgus motion was assessed on landing with a
computer-based software for analysis of the jumping mechanics. Although the investigation
yielded no significant results, positive knee valgus trends were identified among the
participants. Knee separation at landing increased from pre- to posttesting among subjects
of the experimental group during the eight-week plyometric training program, demonstrating
less knee valgus movement.
Creating a jump-landing scenario and assessing pre- and posttest alterations of the
dependent variables, the current study also employed an eight-week progressive program
that included a dynamic warm-up, jump and plyometric training, static stretching, and
strength training to determine if this intervention would significantly exhibit a decrease in
valgus displacement of the knee in the frontal plane. For this investigation, participants of
the experimental group exhibited a decrease in knee joint displacement, likely demonstrating
an increase in dynamic muscular control of the musculature responsible for joint stability
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upon landing from a jump. For the experimental group, knee valgus motion on impact
generated a 53% reduction of displacement with absolute separation values of 31.4 cm ±
0.17 cm at postintervention from the preintervention values of 20.5 cm ± 0.15 cm (Figure
18). In comparison, controls demonstrated a 19 % increase in knee valgus excursion with a
mean separation value of 18.7 cm ± 0.13 cm at postintervention, compared to 22.2 cm ±
0.16 cm at preintervention (Figure 19). It is possible that these knee valgus values may have
been influenced by the larger body mass values associated with the control group, on average
possessing 10.2 kg more body mass when compared to the experimental group. Greater
mass would generate a higher ground reaction force when landing, thus potentially creating
greater valgus motion among the controls. It should be noted that the mass differential did
not fully explain the pre- to postintervention increase in knee valgus motion among the
controls generally because all participant knee valgus trials were normalized before the jump
task was conducted. Values for mean knee valgus separation among participants of the
experimental and control groups are displayed in Appendix D (Tables 22 & 23).
The findings of this study support the hypothesis that a physical training program
may decrease valgus knee motion, a parameter associated with reducing the incidence of
noncontact ACL knee injury. Unique with regard to the current study is the fact that in
several knee valgus assessment studies (Ford et al., 2003; Grandstrand et. al., 2006),
participants were required to jump off of a box and then perform a vertical jump. Although
these methods have generated significant findings in the reduction of knee valgus motion,
the validity and specificity of these tasks to what occurs during practice or competition in the
field of sports can be questioned.
In contrast to the aforementioned investigations, this study implemented a scenario
that required each participant to jump maximally with an impact circumstance similar to that
may occur during practice or competitive situations. Given these situations, there is little
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time to develop conscious landing strategies. It was the intent of the current study to create
a basketball-specific scenario, such as the rebound task, while assessing valgus knee motion
on landing from a jump.
Because of the findings of this study, it is plausible to suggest that altered
proprioception may have influenced the musculature associated with the control of knee
valgus motion. Specifically, the decrease in valgus translation may be attributed to enhanced
neuromuscular control from the repetitive skills and drills exhibited by the participants
during the intervention training. Although this study presented a novel approach and
significant findings with regard to knee valgus motion, it did present limitations, in particular,
population size and the absence of randomized groups, which may have had some influence
on the results of this study.
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Figure 18. Mean normalized knee valgus separation for the experimental group (n = 8).
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Figure 19. Mean normalized knee valgus separation for the control group (n = 12).
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Maximum Vertical Jump
With regard to the game of basketball, if a player can jump higher than his/her
opposition, he/she may have an advantage performing particular skills, including but not
limited to rebounding, blocking shots, and the jump shot. The current study employed an
eight-week physical training program that included a dynamic warm-up, jump and plyometric
exercises, agility, static stretching, and strength training to determine if these intervention
exercises would significantly enhance maximum vertical jump performance. This
investigation exhibited a significant increase in mean vertical jump performance for both
groups. The experimental group produced an 11% increase from preintervention (37.16 cm
± 5.76 cm) to postintervention (41.43 cm ± 7.49 cm) (Figure 20), and the control group
exhibited a 1% increase from preintervention (37.37 cm ± 5.44 cm) to postintervention
(37.72 ± 6.72 cm) (Figure 21). Values for mean vertical jump values among participants of
the experimental and control groups are displayed in Appendix D (Tables 24 & 25).
For this study it was interesting to note that each experimental participant improved
vertical jump performance to some degree, whereas among the controls, four participants
actually exhibited a decline in vertical jump performance. It is possible this decline may be
associated with a lack of or inconsistent physical training among the controls.
The findings of this study are in accordance with those of Fatouros et al. (2000) and
demonstrate the positive influence of jump, plyometric, and strength training on vertical
jump performance. It is difficult to identify which training parameter (jump, plyometric, or
strength training) had the greatest impact on performance, and it may indeed be multifactorial. It should be noted that regardless of the type of training, there was a significant
increase in vertical jump performance among the experimental group in comparison to the
control group. Possible explanations for the significance of findings within the present study
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and the Fatouros et al. (2000) study could be the kinematic and kinetic similarities of the
jump task.
Within the literature, it is evident that jump and plyometric training afford the
opportunity to enhance the rate of force production, potentially enhancing the height of a
vertical jump attempt. The intervention protocol of this study included various jump
activities, including squat jumps, single and double leg hops, alternate leg bounding, and
depth and box jumps, all of which potentially contributed to increases in the rate of force
production among the experimental participants.
Another factor associated with the findings of this study may be the enhancement of
physical strength, particularly in the lower extremities, where exercises such as the leg press,
squats, leg extensions, leg curls, deadlifts, and heel raises can play a vital role in lower body
power. Finally, jump-technique parameters, including proper foot placement, arm swing,
and countermovement position, may have had an effect on vertical jump performance. It is
important to stress proper form when performing the various jump activities, including the
vertical jump, to ensure that the appropriate kinetic chain is established for performing the
jump task in a mechanically effective and efficient manner.
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Figure 20. Mean peak vertical jump values among the experimental group participants (n =
8).
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Figure 21. Mean peak vertical jump values among participants of the control group (n = 12).
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Agility t test
Agility was defined by Schmidt (1991) as the ability to effectively and efficiently
change direction. Changing position and direction is a common and valuable trait vital to
the game of basketball, as athletes are constantly changing direction with anticipated and
unanticipated circumstances during practicing and competition. Enhancing agility may have
a positive effect on basketball performance by enabling the athlete to quickly and effectively
get into position to make a defensive stop or beat an opponent off the dribble on offense.
The current study employed an eight-week progressive, dynamic warm-up that
included specific warm-up activities, including multidirectional movements to determine if
the training protocol would significantly decrease time to complete an agility task. This
investigation demonstrated a significant decrease in mean t test time among both groups.
The experimental group exhibited a 7% decrease in time from preintervention (13.6 sec ±
1.16 sec) to postintervention (12.7 sec ± 1.03 sec) (Figure 22), whereas the control group
produced a 4% decrease in time from preintervention (13.0 sec ± 1.43 sec) to
postintervention (12.5 sec ± 0.99 sec) (Figure 23). Values for mean agility t test values
among participants of the experimental and control groups are displayed in Appendix D
(Tables 26 & 27).
Although both groups decreased the amount of time necessary to conduct the agility task,
there was not a substantial difference between the two means of both groups. One plausible
explanation for the similar t test times may be attributed to the nature of the game of
basketball. It is apparent that with higher levels of competitive basketball, an athlete will be
required to perform agility movements that exhibit reaction time, change of direction, and
complex multilateral movements. Basketball practice and competition contain inherent
forms of agility that require the athlete to perform various multilateral movements when
practicing or playing in a game. This may be a factor in the similarity of the t test values with
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the experimental and control groups because the control group had the opportunity to
practice the game of basketball.
With regard to improvements of agility, coaching ability and technique may play an
influential role, particularly among those that emphasize skill development. If athletes are
taught proper fundamentals for various types of agility skills, such as cutting, accelerating,
and decelerating, performance may improve significantly. The physical training program
associated with the current study significantly improved agility time, thus lending incentive
for coaches to include a dynamic warm-up with simple-to-complex movements that may
enhance agility and multidirectional mobility with regard to playing the game of basketball.
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Figure 22. Mean t test time among participants of the experimental group (n = 8).
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Figure 23. Mean t test time among participants of the control group (n = 12).
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Muscular Strength
Lower body strength, defined by Knuttgen and Kraemer (1987) as the maximal force
that the lower extremity musculature can generate at a specified velocity, is a physical
parameter with the potential to influence the performance of a basketball player. Because
force plays a vital role in action and reaction in the musculoskeletal structures of the body,
enhanced lower body strength becomes important with regard to multiple facets of the game
of basketball, including but not limited to vertical jump, defensive and offensive positioning,
and rebounding (Baker, 1996).
To determine lower body strength, the current study assessed participants with an
eight-repetition-maximum leg press. Eight repetitions were chosen with regard to safety
because individuals who are untrained or inexperienced may not be appropriate participants
for 1RM testing (Baechle & Earle, 2000). Upon acquisition of the 8RM values, all scores
were normalized by the body mass of each subject.
For this study, lower body strength among participants of both the experimental and
control groups improved over time. The experimental group increased normalized strength
values approximately 32% from pre-intervention to post-intervention (Figure 24), while
controls enhanced normalized strength values by 5% from preintervention to postintervention (Figure 25). The values for mean normalized eight-repetition-maximum leg
press among participants of the experimental and control groups are displayed in Appendix
D (Tables 28 & 29).
Although the controls as a group exhibited minimal lower body strength increases,
several athletes did become much stronger. This is possible because several of the control
group participants were enrolled in a physical education class that included some strength
training in the curriculum. These participants may have become familiar with the leg press
exercise, therefore posting exceptional improvements in lower body strength.
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Another desirable trend among participants that is associated with the quality of
muscular strength is the ability to develop muscle stiffness. Increases in muscle stiffness
enable the absorption of impact forces, particularly when landing from a jump. This greater
muscle stiffness enables muscular force to control the torques produced by the impact
forces on landing or cutting. Finally, it is important to realize that increases in strength can
positively influence an athlete’s physical fitness profile, which can be helpful in most any
sport from a performance perspective.
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Figure 24. Mean normalized strength values among the experimental group (n = 8).
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Figure 25. Mean normalized strength values among the control group (n = 12).
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Conclusion
On an annual basis, it is estimated that approximately 7,000 high school female
basketball athletes will incur an ACL injury within the United States (Hewett et al., 1999).
To reduce the negative consequences associated with this type of injury, coaches and allied
health professionals are constantly striving to find solutions or interventions that may help
reduce the incidence of noncontact ACL injury.
The specific aim of this study was to examine the influence of a physical training
program on mean knee valgus motion and several performance enhancement parameters
among high school female basketball players. Pre- and postintervention kinematic data were
collected with a commercial knee valgus motion assessment software program during a
basketball-specific scenario. To simulate a rebounding task, a scenario was created by
requiring each participant to touch a ball hanging from a regulation basketball rim with two
hands before landing.
The results of this study supported the hypotheses that participation in an eight-week
physical training program that includes a dynamic warm-up, jump and plyometric exercises,
agility, static stretching, and strength training would decrease frontal plane valgus motion at
the knee joint on the impact of a jump landing task. The study also supported previous
reports in the literature regarding the association between physical training and the
enhancement of maximal vertical jump performance and agility among high school female
basketball players.
Because of location and time restrictions among the participants, this study exhibited
a small population size among both the experimental (n = 8) and control groups (n = 12),
which may have had some influence on the results of this study. In addition, the absence of
randomization among groups may have a played some role with regard to the significance of
the results of this study. It is recommended that if future studies are to be conducted in this
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area, the primary investigator must recruit a larger population size from various sports and
randomize the groups.
In addition to the general assessment of physical fitness performance parameters,
investigators within this area need to continually seek interventions and training methods
that relate or simulate conditions that are sport special when assessing knee valgus motion.
Assessing situations where there is minimal specificity may lead investigators to activities that
provide athletes with a false sense of security, confidence, and little association to the
mechanical conditions that exist while landing from a jump or cutting.
In addition to the positive effects of decreased valgus motion, improving
performance parameters like vertical jump ability, agility, and muscular strength enable
coaches to potentially enhance an athlete’s physical and sport performance. In the game of
basketball, if an athlete can jump higher or change direction more quickly with more
efficiency, then he/she may have a skill advantage during competition. Further, if an athlete
can accomplish this form of conditioning and simultaneously reduce his/her incidence of
injury, he/she will be more valuable to the team and continually improve his/her skill, as
opposed to an athlete who is on the sidelines and cannot participate and/or improve his/her
skills.
Because of the length of this form of intervention, it can often be difficult for
coaches to schedule, so coaches must be assured of the value and utility of these activities to
the long term development and health of the athlete. The findings of this study support the
application of a training intervention to alter mechanical factors associated with knee injury,
yet at the same time deliver performance-enhancing characteristics. Coaches should find that
including such a program is quick, simple, safe, and effective from multiple perspectives and
can lead to success both on and off the court after the athlete no longer competes but
participates recreationally.
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PARENTAL CONSENT FORM
“Influence of Physical Training on Knee Valgus Motion and Physical Performance Abilities Among
Adolescent Female Basketball Players”
Primary Investigator: Shauhen Tahrebandi BS, CSCS, School of Health Promotion and
Human Performance, Eastern Michigan University
This study is being conducted as a masters thesis:
The purpose of this study is to determine the effectiveness of a physical training
program on valgus knee motion which is a knocked knee position that adolescent female
athletes tend to display upon landing from a vertical jump. The study will also determine the
effectiveness of the program on maximum vertical jump height, lower body muscular
strength and overall agility (which is the ability to change direction quickly and efficiently
within competition) among selective high school female basketball athletes. The knee
motion factor will be tested by the athlete performing a maximum vertical jump while
making an effort to touch a ball hanging from a basketball rim and then landing. Vertical
jump will be tested by the athlete jumping vertically as high as they can on a mat that
measures their jump in inches. Lower body muscular strength will be tested by the athlete
completing a eight repetition maximum (RM) lift on a leg press weight machine. Finally
agility will be measured by the athlete completing a course that has them performing a
change of direction task in a timed manner.
The study will attempt to identify potential before training and after training
differences of the tests previously mentioned among high school female basketball players.
If your daughter is a member of the experimental group, she will be given a jump training
plan that includes fundamental movement skill (change of direction tasks) which are similar
to those movements used in a basketball competition or practice setting. This routine will
be performed over the course of eight weeks during the basketball season, before each
practice session, lasting 15 minutes in length (5 min dynamic warm up and 10 min
plyometric routine). In addition your daughter will also complete three non-consecutive
days of muscular balanced strength training lasting 30 to 40 minutes in length over the
course of eight weeks. If your daughter is a member of the control group, she will follow
her typical basketball practice and competition routine for eight weeks.
The testing portion of the study will last approximately 1.0 hours in length for each
test. There will be four tests consisting of vertical jump height, valgus knee motion, agility ttest and an eight repetition maximum leg pres lift. The participants will be asked to
participate in two testing sessions to be scheduled on separate dates. The testing process will
have the following stages:
1) General Information- After explanation and description of the study and participant
consent, a back ground questionnaire will be distributed among participants to collect
information in regards to basketball experience, training, injuries, and medical problems.
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* Prior to all training assessments, an appropriate 3-5 minute warm up will be conducted for
all participants. All participants will be educated properly to ensure correct completion of
the assessment and maximum safety. All assessments will be instructed and supervised by a
Certified Strength & Conditioning Specialist (CSCS).
2) Maximum Vertical Jump Determination- Your daughter’s maximal vertical jump will be
tested with a training assessment. Your daughter will be provided with ample opportunity
to learn and practice prior to the collection of vertical jump height data.
3) Agility Determination- Your daughter’s agility will be assessed with a training
assessment. Your daughter will be provided with ample opportunity to learn and practice
prior to the collection of agility data.
4) Lower Body Muscular Strength Determination- Your daughters lower body muscular
strength will be tested with a training assessment called the eight repetition maximum leg
press. Your daughter will be provided with ample opportunity to learn and practice prior to
the collection of lower body muscular strength data.
5) Valgus Knee Motion Data Collection- Knee motion testing will involve the use of a
digital video camera to document and analyze the movement patterns of your daughters
lower body. The following protocol will be used:
•
•
•

•

Prior to the actual data collection your daughter will have six reflective strips
of tape affixed to both her hip, knee and ankle joints.
Your daughter will be asked to warm up as she does in regular basketball
practice sessions.
Following your daughters warm up, she will be asked to perform three
practice trial vertical jumps. Preceding the three practice trials, she will be
asked to assume a ready position underneath a basketball rim with a hanging
ball that will be adjusted to her assessed maximum vertical jump height.
A digital video camera will be used to assess the qualitative and quantitative
data of knee motion with respect to comparing the before training and after
training results.
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You as the parent or guardian are welcome to attend all of the testing sessions to observe
your daughters participation.
Your daughter is being asked to participate in this research project because she is a
high school female basketball athlete. There is no economical benefit from her participation.
Her participation is totally voluntary and she may choose to participate or not, as well as to
discontinue her participation at any time without any negative consequences. If your
daughter is part of the intervention group, potential benefits may include: a decrease in the
amount of valgus motion she displays when completing a vertical jump which may be a
factor in preventing ACL knee injury, increasing maximum vertical jump height, improving
lower body muscular strength and increasing her overall agility. Risks that may be associated
with your daughter’s participation with the intervention group would be those typical to a
basketball practice. By allowing your daughter to participate in this study, you agree that the
materials and data generated (digital video, pictures and assessments) may be observed by
participants within academic and/or research settings (e.g., classrooms, research
presentations, seminars, etc). Your daughter will only be identified with a number code. You
have also been assured that your daughter’s privacy will be protected to the maximum extent
allowable by law. If you would like to obtain your daughters results of the study you may
request a copy by contacting Dr. Anthony Moreno phone number: (734) 487-7120 ext.
2738, email: amoreno@emich.edu.
If you have any questions about this study, please contact Dr. Anthony Moreno, phone
number: (734) 487-7120 ext. 2738, email: amoreno@emich.edu. This research protocol has been
reviewed and approved by the College of Health and Human Services Human Subjects Review
Committee at Eastern Michigan University. If you have any questions on the approval process, or
have questions regarding your daughters rights as a study participant you may contact- anonymously,
if you wish- Dr. Stephen Sonstein, Chair, CHHS Human Subjects Review Committee at (734) 4871238.

Name of participant:

Date:

Name of parent (guardian):
Signature of parent (guardian):
Mailing Address:
Phone Number:

Email Address:
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Eastern Michigan University
School of Health Promotion and Human Performance

Primary Investigator: Shauhen Tahrebandi BS, CSCS,
School of Health Promotion and Human Performance,
Eastern Michigan University
Assent Form for participation in a study designed to understand, “Interventions Used to
Influence Knee Valgus Motion and Maximum Vertical Jump Performance Among High
School Female Basketball Players”
This study is being conducted as part of the requirements for the completion of a Masters
Thesis.

Knee injury among high school female basketball players occur more often
than high school male basketball players which presents a problem. To try and help
prevent these injuries from occurring, strength and conditioning specialists would like
to determine if a jump training program can decrease some of the factors that
contribute to these injuries. In addition strength and conditioning specialists would
like to possibly improve your vertical jump, agility and lower body strength which
may be beneficial to basketball performance.
If you agree to participate in this study, you will be assigned to either an
experimental group or to a control group. If you are in the experimental group you
will be asked to perform vertical jumps, shuffles, sprints, and backpedals, as well as a
leg press exercise while results of your performance is collected. After the collection,
you will be asked to participate in a three day-a-week warm up, jumping and
stretching routine, prior to your regular basketball practice sessions for eight weeks.
The routine will be related to movements you perform during a practice or game.
In addition to this you will participate in three non-consecutive days of 30-45 minutes
of strength training. After the eight weeks of training you will be asked again to
perform the same series of vertical jumps, shuffles, sprints, backpedals and leg press
exercise.
If you are selected to participate as part of the control group, you will also be
asked to perform the same series of vertical jumps, shuffles, sprints, backpedals and
leg press exercise as the experimental group.
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For the following eight weeks you will follow your regular basketball practice and
competition routine.
After the eight week period, you will be asked again to perform the series of vertical
jumps, shuffles, sprints, backpedals and leg press exercise that you performed at the
beginning of the study.
Your participation in this study is completely voluntary. If you do not want to
participate in this study or do not want to complete this study for any reason, you are
free to let your parents, coach, and/or the researcher know at anytime. The results of
this study will be used to show other coaches and strength/conditioning specialist’s
ways to potentially decrease a female basketball athletes knee injuries, increase vertical
jump, agility and lower body muscular strength. Your signature below indicates that
you give permission to the researcher to use/show digital video tapes, pictures of
your participation for teaching purposes including research presentations. Should
you withdraw from the study, all the digital video tapped sessions and/or pictures of
your participation will be deleted and/or destroyed. If you would like to obtain your
results of the study you may request a copy by contacting Dr. Anthony Moreno phone
number: (734) 487-7120 ext. 2738, email: amoreno@emich.edu.

Print and sign your name below only if you are sure you understand the purpose of
this study and are willing to participate in this study.

Printed Name

Date

Signature
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Background Questionnaire
For High School Girls Basketball Players
Name

Age

# Years Playing Organized Basketball
Position/Circle One: Guard

Forward

(Including summer camps and clinics)
Center

Have you ever had any problems or injuries with your knees?

Yes

No

Do you currently have any problems or injuries with your knees?

Yes

No

Do you have knee pain when you practice or play?

Yes

No

Do you stretch before you practice or play?

Yes

No

Have you ever had training on how to jump properly?

Yes

No

Have you ever been shown how to strength train properly?

Yes

No

Are you currently strength training?

Yes

No

Have you taken a strength and conditioning class at your school?

Yes

No

Will you take a strength and conditioning class this upcoming year?

Yes

No

Do you play any other organized sports besides basketball?

Yes

No

If yes what sports:
List any medical problems that you may have (Diabetes, Asthma etc.)

List any medications that you are taking
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Table 5
Intervention Warm-Up: Week #1-Week #2
Dynamic warm-up (3 times a week)
1. 2 minute court jog, after 1 minute switch directions.
2. Lateral hip swings (right & left) - 10 repetitions.
3. Linear hip swings (right & left) - 10 repetitions.
4. Forward Skip (84 ft).
5. High Knee Run (84 ft).
6. Knee Tuck (42 ft).
7. Forward Lunge Stretch (42 ft).
8. Backward Run (84 ft).
9. Stiff Leg March (42 ft).
10. RDL Walk (42 ft).
11. Lateral Side Step (42 ft).
12. 180 degree run- 84 ft (turn at 42 ft).
13. 360 degree run- 84 ft (turn at 42 ft).
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Table 6
Intervention Warm-Up: Week #3-Week #4
Dynamic warm-up (3 times a week)
1. 1 minute court jog, after 30 seconds switch directions.
2. Lateral hip swings (right & left) - 5 repetitions.
3. Linear hip swings (right & left) - 5 repetitions.
4. Forward Skip (84 ft). On whistle change directions.
5. High Knee Run (84 ft). On whistle change directions.
6. Knee Tuck (42 ft).
7. Forward Lunge Stretch (42 ft).
8. Backward/Forward Run (84 ft). On whistle change directions.
9. Stiff Leg March (42 ft).
10. RDL Walk (42 ft).
11. Inch Worm (42 ft).
12. Lateral Side Step (84 ft). On whistle change directions.
13. 180 degree run- (84 ft). On whistle change directions.
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Table 7
Intervention Warm-Up: Week #5-Week #6
Dynamic warm-up (3 times a week)
1. 1 minute court jog, after 30 seconds switch directions.
2. Lateral hip swings (right & left) - 5 repetitions.
3. Linear hip swings (right & left) - 5 repetitions.
4. Forward Skip (84 ft). On whistle change directions.
5. High Knee Run (84 ft). On whistle change directions.
6. Knee Tuck (42 ft).
7. Forward Lunge Stretch (42 ft).
8. Backward/Forward Run (84 ft). On whistle change directions.
9. Stiff Leg March (42 ft).
10. RDL Walk (42 ft).
11. Inch Worm (42 ft).
12. Lateral Side Step (84 ft). On whistle change directions.
13. 180 degree run- (84 ft). On whistle change directions.
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Table 8
Intervention Warm-Up: Week #7-Week #8
Dynamic warm-up (3 times a week)
1. 1 minute court jog, after 30 seconds switch directions.
2. Lateral hip swings (right & left) - 5 repetitions.
3. Linear hip swings (right & left) - 5 repetitions.
4. Forward Skip (84 ft). On whistle change directions.
5. High Knee Run (84 ft). On whistle change directions.
6. Knee Tuck (42 ft).
7. Forward Lunge Stretch (42 ft).
8. Backward/Forward Run (84 ft). On whistle change directions.
9. Stiff Leg March (42 ft).
10. RDL Walk (42 ft).
11. Inch Worm (42 ft).
12. Lateral Side Step (84 ft). On whistle change directions.
13. 180 degree run- (84 ft). On whistle change directions.
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Table 9
Intervention Jump Training: Week #1
Plyometric Jump Training (3 times a week)
1.

Ankle Hops x 15 seconds.

2. Vertical Jump (Stick) x 15 seconds.
3. Tuck Jump x 15 seconds.
4. Broad Jump (Stick) x 6 repetitions.
5. Double Legged Line Jumps x 15 seconds.
6. 180 Degree Jumps x 15 seconds.
7. Bounding in Place x 15 seconds.
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Table 10
Intervention Jump Training: Week #2
Plyometric Jump Training (3 times a week)
1.

Ankle Hops x 20 seconds.

2. Vertical Jump (Stick) x 20 seconds.
3. Tuck Jump x 20 seconds.
4. Broad Jump (Stick) x 8 repetitions.
5. Double Legged Line Jumps x 20 seconds.
6. 180 Degree Jumps x 20 seconds.
7. Bounding in Place x 20 seconds.
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Table 11
Intervention Jump Training: Week #3
Plyometric Jump Training (3 times a week)
1.

Vertical Jump (Stick) x 25 seconds.

2. Tuck Jump x 25 seconds.
3. (3) Broad Jumps to Vertical Jump x 5 repetitions.
4. Bound x 1 Run (Baseline-Baseline).
5. Double Leg Line Jumps x 25 seconds. (Forward & Backward).
6. Split Jump x 15 seconds.
7. Single Leg Vertical Jump x 15 seconds. (Each Leg).
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Table 12
Intervention Jump Training: Week #4
Plyometric Jump Training (3 times a week)
1. Vertical Jump (Stick) x 30 seconds.
2. Tuck Jump x 30 seconds.
3. (3) Broad Jumps to Vertical Jump x 8 repetitions.
4. Bound x 2 Runs (Baseline-Baseline).
5. Double Leg Line Jumps x 30 seconds. (Forward & Backward).
6. Split Jump x 20 seconds.
7. Single Leg Vertical Jump x 20 seconds. (Each Leg).
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Table 13
Intervention Jump Training: Week #5
Plyometric Jump Training (3 times a week)
1.

Vertical Jump (recoil) x 15 seconds.

2. 180 Degree Jumps x 25 seconds.
3. Double Leg Line Jumps x 25 seconds.
4. Single Leg Push Off x 15 seconds.
5. Jump From Box x 6 repetitions.
6. Depth Jump x 6 repetitions.
7. Squat Depth Jump x 6 repetitions.
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Table 14
Intervention Jump Training: Week #6
Plyometric Jump Training (3 times a week)
1.

Vertical Jump (recoil) x 20 seconds.

2. 180 Degree Jumps x 30 seconds.
3. Double Leg Line Jumps x 30 seconds.
4. Single Leg Push Off x 20 seconds.
5. Jump From Box x 8 repetitions.
6. Depth Jump x 8 repetitions.
7. Squat Depth Jump x 8 repetitions.
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Table 15
Intervention Jump Training: Week #7
Plyometric Jump Training (3 times a week)
1.

Vertical Jump (Recoil) x 25 seconds.

2. Vertical Jump/Linear Sprint 25yds x 5 repetitions.
3. 180 Degree Jumps/Lateral Sprint 10 yards x 5 repetitions.
4. Vertical Jump/Lateral Sprint 10 yards x 5 repetitions.
5. Jump From Box x 8 repetitions.
6. Depth Jump x 8 repetitions.
7. Squat Depth Jump x 8 repetitions.
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Table 16
Intervention Jump Training: Week #8
Plyometric Jump Training (3 times a week)
1.

Vertical Jump (Recoil) x 30 seconds.

2. Vertical Jump/Linear Sprint 25 yards x 8 repetitions.
3. 180 Degree Jumps/Lateral Sprint 10 yards x 8 repetitions.
4. Vertical Jump/Lateral Sprint 10 yards x 8 repetitions.
5. Jump From Box x 10 repetitions.
6. Depth Jump x 10 repetitions.
7. Squat Depth Jump x 10 repetitions.
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Table 17
Intervention Cool Down: Week #1-Week #8
Cool Down: Static Stretching (3 times a week)
1.

2 min low intensity court jog.

2. Static stretch- Hip Flexors x 15 seconds (each leg).
3. Gluteus Maximus/Hip Rotators x 15 seconds (each leg).
4. Hamstrings x 15 seconds (each leg).
5. Hamstrings/Gluteus Maximus x 15 seconds (each leg).
6. Gluteus Maximus x 15 seconds (each leg).
7. Quadriceps/Hip Flexors x 15 seconds (each leg).
8. Adductors x 15 seconds.
9. Lower Back x 15 seconds.
10. Gastrocnemius x 15 seconds (each leg).
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Table 18
Intervention Strength Training: Week #1- Week #4
Monday, Wednesday, Friday
1.

Leg Press x 8-10 repetitions.

2. Standing Leg Curl x 8-10 repetitions.
3. H-Squat x 10-12 repetitions.
4. RDL x 10-12 repetitions.
5. Manual Hip Flexion x 6-6 repetitions.
6. Hip & Back Extension x 10-12 repetitions.
7. Manual Hip Abduction x 6-6 repetitions.
8. Seated Calf Raise x 10-12 repetitions.
9. Hammer Bench Press x 8-10 repetitions.
10. Hammer Rows x 8-10 repetitions.
11. Hammer Shoulder Press x 10-12 repetitions.
12. Hammer Pulldown x 10-12 repetitions.
13. Nautilus Lateral Raise x 10-12 repetitions.
14. Band “Core” Twist x 6-6 repetitions.
15. Stability Ball Crunch x 10-12 repetitions.
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Table 19
Intervention Strength Training: Week #5- Week #8
Monday
1.

H-Squat x 8-10 repetitions.

2. RDL x 10-12 repetitions.
3. Leg Extension x 10-12 repetitions.
4. Hip Flexion x 10-10 repetitions.
5. Hip & Back Extension x 10-10 repetitions.
6. Hip Abduction x 10-10 repetitions.
7. Barbell Bench Press x 10-12 repetitions.
8. DB Incline Press x 10-12 repetitions.
9. Hammer Rows x 10-12 repetitions.
10. Hammer Pulldowns x 10-12 repetitions.
11. Hammer Shoulder Press x 10-12 repetitions.
12. Nautilus Lateral Raise x 10-12 repetitions.
13. Posterior Deltoid Raise x 10-12 repetitions.
14. Preacher Curl x 10-12 repetitions.
15. 3-Way Triceps Extension x 4-4-4 repetitions.
16. Stability Ball Crunch x 10-12 repetitions.
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Table 20
Intervention Strength Training: Week #5- Week #8
Wednesday
1.

Barbell Squat x 10-12 repetitions.

2. Glute & Ham x 10-12 repetitions.
3. Squat Lunge x 10-12 repetitions.
4. Hip Flexion x 10-10 repetitions.
5. Hip & Back Extension x 10-10 repetitions.
6. Hip Abduction x 10-10 repetitions.
7. DB Bench Press x 10-12 repetitions.
8. Hammer Incline Press x 10-12 repetitions.
9. DB Rows x 10-12 repetitions.
10. Chins (Neutral Grip) x 10-12 repetitions.
11. DB Shoulder Press x 10-12 repetitions.
12. Stability Ball Crunch x 10-12 repetitions.
13. Stability Ball Knee Tuck x 10-12 repetitions.
14. Cable Twist x 10-12 repetitions.
15. DB Biceps Curl x 10-12 repetitions.
16. Triceps Rope Extensions x 10-12 repetitions.
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Table 21
Intervention Strength Training: Week #5- Week #8
Friday
1.

Leg Press x 10-12 repetitions.

2. Lying Leg Curl x 10-12 repetitions.
3. Plate Lunge x 10-12 repetitions.
4. Hip Flexion x 10-10 repetitions.
5. Hip & Back Extension x 10-10 repetitions.
6. Hip Abduction x 10-10 repetitions.
7. Hammer Bench Press x 10-12 repetitions.
8. Incline Manual Fly x 10-12 repetitions.
9. Ground Base Row x 10-12 repetitions.
10. Cable Pulldowns x 10-12 repetitions.
11. Hammer Military Press x 10-12 repetitions.
12. Lateral Raise “Manual Resistance” x 10-12 repetitions.
13. Posterior Deltoid Raise x 10-12 repetitions.
14. Standing PVC Pipe Curls “Manual Resistance” x 10-12 repetitions.
15. 3-Way Triceps Extension x 4-4-4 repetitions.
16. Core Bridge x 1:00 Min & Perfect Core x 1:00 Min.
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Appendix D

Participant Mean Value Data for Pre-and Post-Assessments
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Table 22
Right and Left Mean Peak Patellae Separation Among Participants of the Experimental Group.
Participant
Identification

Number of
Trials

Pre-intervention
(cm)

Post intervention
(cm)

E1

3

18.8

31.2

Change in
patellae
separation (%)
+66%

E2

3

27.2

27.4

+1%

E3

3

26.2

33.5

+28%

E4

3

12.6

28.4

+25%

E5

3

26.3

36.9

+40%

E6

3

17.5

31.9

+82%

E7

3

12.6

36.5

+89%

E8

3

23.1

25.5

+10%

Group
Mean
Values

24

20.5

31.4

+53%
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Table 23
Right and Left Mean Peak Patellae Separation Among Participants of the Control Group.
Participant
Identification

Number of
Trials

Pre-intervention
(cm)

Post intervention Change in
(cm)
patellae
separation (%)
19.4
+5%

C1

3

18.5

C2

3

22.4

23.1

+3%

C3

3

14.3

16.4

+14%

C4

3

15.3

17.4

+13%

C5

3

20.5

14.6

-40%

C6

3

22.2

24.1

+8.5%

C7

3

25.9

16.5

-57%

C8

3

25.9

22.7

-14%

C9

3

25.3

16.1

-57%

C10

3

33.3

18.4

-81%

C11

3

17.1

16.2

-5%

C12

3

27.1

19.8

-37%

Group
Mean
Values

36

22.2

18.7

-19%
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Table 24
Mean Maximum Vertical Jump Values Among Participants of the Experimental Group.
Participant
Identification

Number of
Trials

Pre-intervention
(cm)

Post intervention
(cm)

E1

3

39.6

42.2

% Change in
vertical jump
performance
+6%

E2

3

29.8

36.7

+23%

E3

3

36.7

38.7

+5%

E4

3

36.8

39.6

+7%

E5

3

33.6

35.1

+4%

E6

3

50.3

60.1

+19%

E7

3

34.1

38.8

+13%

E8

3

36.4

40.2

+10%

Group
Mean
Values

24

37.2

41.4

+11%
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Table 25
Mean Maximum Vertical Jump Values Among Participants of the Control Group.
Participant
Identification

Number of
Trials

Pre-intervention
(cm)

Post intervention
(cm)

C1

3

39.9

39.5

% Change in
vertical jump
performance
-1%

C2

3

40.6

45.4

+11%

C3

3

23.5

24.2

+2%

C4

3

36.2

39.1

+8%

C5

3

35.1

32.1

-9%

C6

3

40.8

43.0

+5%

C7

3

32.3

32.5

+1%

C8

3

36.2

34.5

+4%

C9

3

43.7

47.8

+9%

C10

3

39.1

40.1

+2%

C11

3

44.3

43.4

-2%

C12

3

36.8

31.2

-17%

Group
Mean
Vaues

36

37.4

37.9

+1%
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Table 26
Mean T Test Time Among Participants of the Experimental Group.
Participant
Identification
E1

Number of
Trials
3

Pre-intervention
(sec)
13.0

Post intervention
(sec)
12.4

% Change in
T-test time
-4%

E2

3

13.4

12.8

-4%

E3

3

12.6

11.7

-7%

E4

3

14.6

13.4

-8%

E5

3

15.7

15.1

-3%

E6

3

12.2

12.3

+1%

E7

3

14.7

12.6

-16%

E8

3

13.0

11.8

-10%

Group
Mean
Values

24

13.7

12.8

-7%
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Table 27
Mean T Test Time Among Participants of the Control Group.
Participant
Identification
C1

Number of
Trials
3

Pre-intervention
(sec)
13.9

Post intervention
(sec)
13.6

% Change in
T-test time
-2%

C2

3

12.5

12.6

+1%

C3

3

16.4

14.6

-12%

C4

3

12.4

11.8

-5%

C5

3

14.3

13.1

-9%

C6

3

11.3

11.2

-1%

C7

3

13.7

13.5

-1%

C8

3

13.1

12.6

-3%

C9

3

11.2

11.5

+2%

C10

3

12.2

11.8

-8%

C11

3

11.6

11.7

+1%

C12

3

13.4

12.3

-8%

Group
Mean
Vaues

36

13.0

12.5

-4%
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Table 28
Mean Normalized Strength Values Among the Experimental Groupª
Participant
Identification

Pre-intervention

Post
intervention

E1

1.17

1.21

% change in
normalized
strength values
+3%

E2

1.29

1.43

+10.8%

E3

1.05

1.35

+28.5%

E4

0.72

1.32

+83%

E5

1.02

1.58

+55%

E6

1.27

1.61

+26.7%

E7

1.09

1.22

+12%

E8

1.08

1.54

+42.5%

1.09

1.41

+29%

Mean
Vaues
ªnormalized by body mass
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Table 29
Mean Normalized Strength Values Among the Experimental Groupª
Participant
Identification

Pre-intervention

Post
intervention

C1

0.84

0.85

% change in
normalized
strength values
+1%

C2

0.84

0.83

-1%

C3

0.55

0.59

+7%

C4

0.83

1.22

+47%

C5

0.73

0.81

+11%

C6

1.01

1.03

+2%

C7

0.92

0.91

-1%

C8

0.78

0.85

+9%

C9

0.85

0.75

-13%

C10

0.93

0.91

-2%

C11

1.09

1.06

-3%

C12

0.89

0.94

+5.6%

0.86

0.90

+4.6%

Group
Mean
Vaues
ªnormalized by body mass
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